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FLIGHT INVESTIGATION OF LATERAL CONTROL DEVICES FOR USE WITH
FULL-SPAN FLAPS

By H. A. Sourt and W. H. McAvoy

SUMMARY

Flight tests were made of five different lateral conirol
devices that appeared adaptable to wings fitted with full-
span  flaps: Controllable auxiliary airfoils (airfoils
mounted above and forward of the leading edge of the
wings), external ailerons (airfoils mounted above the
wing and slightly forward of s maximum ordinate),
upper-surface ailerons (similar to split trailing-edge
Jlaps except that they constitute the upper surface of the
wing), ailerons that retract into the wing when in neutral,
and narrow-chord conventional ailerons in combination
with a special type of split flap that retracts info the
under surface of the wing forward of the ailerons. The
devices were tested on a small parasol monoplane.

Only the retractable ailerons and the narrow-chord
ailerons in combination with the special split flap were
Jound to be satisfactory. The absence of appreciable
aerodynamic hinge momenis of the retractable ailerons
was considered to be somewhat objectionable but this
characteristic can probably be remedied by a slight
modification. The external ailerons were unsatisfactory
in the normal-flight range because of an irregular varia-
tion of their hinge moments with deflection and a rela-
tively weak rolling action. These ailerons are believed
to warrant further development, however, because they
retain thelr effectiveness above the stall. The controllable
auzxiliary airfoils had lag as well as excessive hinge
moments and hence appear to warrant no further develop-
ment. The upper surface ailerons had excessive hinge
moments but were otherwise satisfactory.

Experience gained in the use of flaps during these tests
has indicated the desirability of a flap that can be operated
quickly and easily.

INTRODUCTION

The National Advisory Committee for Aeronautics
is conducting an investigation in wind tunnels and in
flight for the purpose of improving the lateral control
of airplanes. In the wind-tunnel investigation, the
results of which are reported in reference 1, a compari-
son has been made of various lateral control devices
with particular reference to conditions at high angles
of attack where conventional ailerons were known to
give unsatisfactory control. The first series of flight

tests (reference 2) were made to check the wind-tunnel
data on several of the more promising devices.

In connection with the split flap, which is now
coming into general use as & means of decreasing the
landing speed and increasing the gliding angle at
landing, it has been shown (reference 3) that by the
present practice of installing the flap over only the
section of wing between conventional ailerons, the

‘full potential value of the flap is not realized. An

appreciable reduction in the minimum flying speed of
the airplane would be obtained if the conventional
ailerons were replaced by some lateral control device
permitting the use of a full-span flap. Mr. Zaparka,
by employing external ailerons above the rear of the
wing, has already demonstrated one means of accom-
plishing lateral control with full-span flaps. During
the wind-tunnel tests of reference 1, several other
control devices that were adaptable to wings with
& full-span flap were tried. Of these the controllable
auxiliary airfoil (fig. 1 (2)), the external aileron mounted
above the wing near the maximum ordinate (refer-
ence 1, pt. XIII) (fig. 1 (b)), and the upper-surface
aileron (reference 1, pt. XII) (fig. 1 (c)) showed sufficient
promise to warrant testing them in flight. The present
paper deals with the results of flight tests of these
lateral control systems. In addition, there are also
reported tests of two lateral control systems intended
primarily to replace the conventional aileron control
system and permit the installation of full-span flaps;
they were not expected to give control above the
stalling angle. One of these control systems consisted
of retractable ailerons (fig. 1 (d)) similar in form to the
retractable spoilers of reference 2 but situated near the
trailing edge of the wing to act somewhat in the manner
of the upper-surface ailerons. The other consisted of
a combination of very narrow-chord conventional
flap-type ailerons and a special type of split flap
(fig. 2) that retracted forward of the ailerons similar in
manner to the movement of the Zap flap. The motion
of the flap was so arranged that in no position did the
flap interfere with the operation of the ailerons.

The flight tests were made in two parts. The first
part consisted of tests, similar to those in reference 2,
in which the pilots recorded their impressions of the
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effectiveness of each lateral control device in a series
of standard maneuvers. The completeness with
which these tests were made depended on the findings
on the first flight. The second part of the tests were
made only with the retractable ailerons and the com-
bination of narrow-chord silerons and special flap, the
only control systems found to warrant additional
tests. In the more complete tests, instrument measure-
ments were made of the lag characteristics and of the
180*
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rolling and yawing action of the control devices.

These values were compared with similar results ob-

tained with the standard ailerons of the Fairchild 22

airplane, the airplane on which the various lateral

control devices were mounted for the tests.

APPARATUS

The investigation was conducted with 2 Fairchild
22 airplanes and 3 wings for these airplanes, the stand-
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ard wing and 2 special wings incorporating full-span
flaps and the special control devices. The Fairchild
22 is a small light parasol monoplane shown in the
photograph in figure 3 and by a three-view diagram in
figure 4. The standard wing and control system for
the airplane are shown in figure 5. The wing has an
N-22 airfoil section, circular tips, and an area of 172
square feet. It is installed on the airplane with an
angle of wing setting of 1° and a dihedral angle of
%°. The unbalanced ailerons have a chord of 18
percent of the wing chord and are practically full
span (83 percent 5/2), extending from just inboard of
the circular tips to the center-section cut-out of the
trailing edge. They are operated with a differential
motion having an up deflection of 19° and a down
deflection of 8°.

One special wing (fig. 1) was of the same section and
approximately the same lay-out as the standard wing
with the exception that this wing was constructed
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FIGURE 2.—Lay-out of spcial wing ejuipped with split flap retracting forward of
narrow convantional aflerons.

with square tips more closely to approximate the model
used in the wind-tunnel tests of reference 1. Its area
was 161 square feet. The wing was installed on the
airplane with the same angle of wing setting as the
standard wing but with 3° dihedral. It was equipped
with plain split flaps (fig. 1) extending from the tips
to the center-section cut-out (90 percent 5/2). Their
chord was 20 percent of the wing chord and their
maximum deflection 60°. Originally three independ-
ent lateral control systems were incorporated in the
wing: The controllable auxiliary airfoils, the external
ailerons, and the upper-surface ailerons. During the
course of the investigation the wing was modified and
the retractable ailerons were added.

The controllable auxiliary airfoils (fig. 1 (2)) were of
the N. A. C. A. 22 section and were installed with their
treiling edges, when neutral, 15.2 percent ¢ (where ¢
is the chord of the main wing) forward of the leading
edge of the wing and 13.6 percent ¢ above the chord of
the wing. 'In the neutral position their chord lines
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were parallel to that of the wing. Each airfoil had a
chord of 15.2 percent ¢ and extended over the semispan
of the wing. This arrangement was found in reference
4 to give the greatest increase in performance; conse-
quently, in the present installation the airfoils func-
tioned as a high-lift as well as a lateral control device.
For the purpose of lateral control the airfoils were
hinged at 2 point 35 percent of their chord back of their
leading edge and 2.8 percent of their chord below their
chord line. The operating mechanism was so arranged
that the right airfoil rotated trailing edge down
through an angle of 45° when the control column was
moved to the right, while the left airfoil remained
stationary. For a left movement of the control
column, only the left airfoil was moved.

The external ailerons (fig. 1 (b)) were symmetrical
nirfoils having the N. A. C. A. 0012 section. Their
hinge axes were located 10 percent ¢ aft of the leading
edge and 20.8 percent ¢ above the chord of the wing.
Each aileron was located with its leading edge 20 per-
cent of the aileron chord ahead and its chord line 11.2
percent of the aileron chord above the aileron hinge
axis. The ailerons extended 55.5 percent 5/2 inboard
of the wing tips and had a chord of 15.2 percent of the
wing chord. When neutral the aileron chord was
parallel to the main wing chord. As with the control-
lable auxiliary airfoils, the control mechanism was
arranged to operate only one aileron at a time.
Through an adjustment of the linkage, the ailerons
could be given either a rotation of trailing edge up
45° or trailing edge down 45°. ‘

The upper-surface ailerons (fig. 1 (¢)) had spans 55.5
percent b/2 and chords 18.2 percent ¢. They were
operated up-only with a maximum deflection of 40°.
As the upper-surface ailerons most nearly approached
the conventional ailerons, means were provided where-
by these could be operated as a safety device through
an independent control system with an auxiliary
control stick during the preliminary flights of the
controllable auxiliary airfoils and the external ailerons.

The retractable ailerons (fig. 1 (d)) were developed
during the tests to replace the upper-surface ailerons
when it became apparent that the latter were unsatis-
factory because of the high operating forces required.
Each aileron consists of a curved plate normally
enclosed in the wing with its upper edge flush with the
upper surface of the wing. For control the aileron on
the wing that is to be depressed is rotated out of the
wing about an axis coincident with the center of cur-
vature of the plate. As the principal aerodynamic
forces on the plate act normal to the surface, the
aerodynamic hinge moment is negligible. The differ-
ence between the retractable ailerons and the retracta-
ble spoilers of reference 2 is in their location on the
wing surface, the retractable ailerons being located
on the after part of the wing in a position approxi-
mating that for the hinge line of the upper-surface
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ailerons; whereas the retractable spoilers are located
ahead of the maximum ordinate of the wing.

The hinge axis of the retractable ailerons was 65
percent ¢ aft of the leading edge and 18.4 percent ¢
above the chord of the wing. The slots through which
the ailerons projected were located 76.5 percent ¢ aft
of the leading edge of the wing. The over-all span of
each aileron was 50 percent b/2. Because of inter-
ference with a principal structural member, each aile-
ron was made in two sections. At full deflection the
ailerons projected 12 percent ¢ above the surface of
the wing. For reasons which will be discussed later,
these ailerons were operated with an extreme differ-
ential motion ingtead of up-only, despite the fact that
the motion of the down-going aileron was entirely
within the wing.

The second special wing (fig. 2) had the same plan
form as the standard wing but had the N. A. C. A.
2412 airfoil section. This wing was installed on the
airplane with a dihedral angle of 14° and an angle of
wing setting of 434°, an angle which gave the same angle
of thrust line for zero lift as did the standard wing.
The features of this wing were a special flap having a
span of 78.9 percent of the wing span and a chord of
20 percent of the wing coord, which when fully deflected
was in the same position relative to the wing as the plain
split flap on the first special wing. This flap, however,
retracted upward and forward into the wing in a manner
similar to that used in the Zap flap so that it would not
interfere with the operation of a very narrow-chord
aileron of the conventional flap type. The aileron had
the same span as the standard aileron but a chord of
only 13.6 percent of the wing chord. In order to com-
pensate for its smaller chord the aileron was given larger
deflections (up 25° and down 14°) than the standard
ailerons.

TESTS

In accordance with established practice followed
with new types of lateral control systems, all the
devices reported in this paper were tried out in the
full-scale wind tunnel before they were used in flight
tests. The wind-tunnel runs are made to eliminate
some of the danger of the preliminary flights by giving
the pilots an opportunity to become somewhat familiar
with the operating characteristics of the different con-
trol systems at an air speed corresponding to the speed
of flight. TUsually no measurements are made and the
results of the tests are not reported. In the present
case, however, note is made of the tunnel work because
tests were made while the airplane was in the tunnel
to obtain an indication of the lag characteristics of the
control systems in which the control surfaces were
mounted on the forward portion of the wing. The
results of these tests are included with the flight results.

The flight-test work consisted of preliminary flights
to uncover any radical differences in the operation of
the various control systems from that of conventional
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F1aURE 3.—Fairchild 22 alrplane.
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ailerons, of observation flights in which the pilots
observed the control action for a series of standard
maneuvers, and of instrument flights during which
the lag and the rolling and yawing action were meas-
ured. The extent to which the tests were completed
with each control system depended on the findings
of the preliminary flights. Thus, only the preliminary
flights were made with the controllable auxiliary air-
foils and external ailerons with down-only motion;
whereas the complete series of tests was carried out
on the retractable ailerons and the very narrow-chord
nilerons. For purposes of comparison, the tests were
also conducted with the standard wing and ailerons
for the Fairchild 22 airplane.

The tests in which the results depended on the pilot’s
observations alone were performed independently by
two pilots. In these tests the airplane was put through
a standard series of maneuvers designed to show quali-
tatively the effectiveness of each device in producing
lateral control and its effect on the stability of the
airplane, the pilots making notes at the time of the
tests on special forms provided for the purpose.

For the instrument flights, 2 angular velocity re-
corders (1 to vecord the rolling action and 1 the yawing
action), an instrument to record the lateral position
of the control column, an air-speed recorder, and a
timer were installed in the airplane. The procedure
followed in the tests was to record the motion of the
airplane for a short period immediately following an
abrupt right displacement of the control column from
neutral during steady gliding flight. In order to deter-
mine whether or not the control action of the devices
tested was approximately proportional to the control
displacement and whether or not comparisons could
be made on the basis of the action at full deflection,
a series of runs was first made at a constant air speed
in which tbe control action for several intermediate
stick deflections as well as for full deflection were
recorded. The control action for full deflection was
then measured at several air speeds covering the lower
portion of the speed range where most difficulty is met
in obtaining satisfactory lateral control.

RESULTS

Reduction of instrument data.—Lag in the control
action was determined as the time between the initial
movement of the control column and the start of the
rolling action in the desired direction. The lag for
the retractable ailerons may be noted in figure 6, which
gives sample time histories of the rolling velocity for
the different devices and shows the general character
of the response obtained with each device at a speed
slightly above the stalling speed for the given wing
arrangement. Because of the different air speeds of
the tests and the different moments of inertia of the
wings used, no direct comparisons should be made
between the curves of the figure.

213

An inspection was made of the record of the yawing
velocity to determine the sign of the yawing action
relative to the Z body axis.

The record of the rolling velocity was first graphi-
cally differentiated to determine the maximum angular
acceleration in roll. As the records showed that the
airplane acquired an appreciable rolling velocity while
the lateral control surface was being fully deflected, it
was apparent that the moment which could be com-
puted directly from this acceleration would not corre-
spond to the moments obtained from wind-tunnel tests
where the model is held rigidly and not permitted to
roll. In an attempt to make the flight data compara-
ble with wind-tunnel data, the acceleration was cor-
rected to zero rate of roll. In order to make this
correction, the maximum angular velocity and the
angular velocity at the instant of maximum angular
acceleration were then determined. The assumption
was made that the resultant rolling moment is com-
posed of a moment resulting from the control deflec-
tion independent of the rate of roll and a damping
moment varying directly with the rate of roll and that
at the maximum rate of roll these two moments are of
equal magnitude. On this basis the approximate
acceleration for zero rate of roll was then found by
méans of the equation

D=, GE=0)

where (‘%) is the acceleration that would be induced
° by the lateral control device at zero
rate of roll.

(%) » the maximum acceleration recorded.

P, the maximum rolling velocity.

?,,, the rolling velocity at time of maximum
acceleration.

For the devices tested the information thus obtained
is given as a function of the air speed at the time of the
control deflection. (See figs. 7 to 9.) Rolling-mo-
ment coefficients were computed by the formula

d
)

where A4 is the moment of inertia about the X body
axis and, for the airplane with the standard ailerons
installed, is 696 slug feet?, for the retractable ailerons
1,294 slug feet?, and for the narrow ailerons 1,061 slug
feet.? The rolling-moment coefficients are plotted in
figure 10 as & function of the lift cocfficient. The lift
coefficient was computed by the equation

w

0L=q_s
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The weights W with the standard ailerons, the re-

tractable ailerons, and the narrow-chord ailerons were

1,494 pounds, 1,654 pounds, and 1,585 pounds, re-
L0

| | |

1 1

I
o——Angulor acceleration
+— velocity

O

o
locity,

A

&
&

\
+

/a?-? ve

EN

N
\
Maximum angui

qs

] o

Lo}

N
rodions per second

-~

Maximum ongular occeleration,
rodlans per second per second
[}
An
A\
\
\

o

o
65 75 85 95 105 /5
Air speed, feet per second

FIGURE 7.—Varlation of maximum angular velocity and acceleration with air

25 /35

speed for standard aflerons.
o
§§ 5 P —s|lo
39 ~ 3
L& feaal 3
3 T T B
8 — - e > ¢
DEJ + o 6% 0
< =y 1 ~8
§S 4 e | R
39 HF ® 23
e / Q

Dﬁ“’)a 48
S ] — 430
g g fer 39

1 o Flops up g
E Q L=y + 4 down ,2§§
§.9 — Angulor acceleration 3
33 —_— e velocity |

Co I I A I B o
65 75 85 95 05 115 125 I35

Air speed, feet per second
FIGURE 8.—Varlation of madmum angular veloclty and acceleration with air speed

{or retractable allerons.
g A e
gg o——— Angular accelerotion, Ilgos up :
243 + " velocity, v ~ -
o A— = occeleration, « down 2
&, I Trx——— = velocity, - . EGy
Bé gl a3
Q Pzl -1 ©
Q - Ix - >0
0 3 x> = et — ] .6 « g
§ AT e S
3 § ,:( Mol g\g_
g 8 =4 x = == s '48 )
S ['1) ,('gtﬁ’ ’ﬁ I 8
Q . - =
EE s s 2%
R ek "
g? y: j 2
o o
60 70 80 390 100 110 120 130

Air speed, reetl per second

F1GURE 9.—Varlation of maximum angular velocity and acceleration with alr speed
for narrow-chord ailerons.

spectively. The rolling criterion —0% is shown in

figure 11.

Desirable characteristics of a lateral control sys-
tem.—As the characteristics of each lateral control
gystem in the present tests have been considered rela-
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tive to the desirable characteristics of a lateral control
system as discussed in reference 2, the following résumé
of that discussion has been inserted in this paper.
Thereshould beno lag in the rolling action of a lateral
control system; that is, there should be no apparent
time lapse between the control-surface movement and
the start of the rolling motion in the desired direction.
The rolling action should also be proportional to the
movement of the control stick. The rolling moment,
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one of the two elements constituting the rolling action,
should be as large as possible. It is limited only by
structural considerations and the possible discomfort
that the acceleration produced by it may cause the
occupants of the airplane. The maximum rolling
velocity, the other element of the rolling action, should
also be large, but with this characteristic there is
apparently an upper useful limit which the pilots are
not likely to exceed even if higher rates of roll are avail-
able.
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The yawing action should be zero but small yawing
moments of either sign cause no appreciable difficulty
in the normal-flight range. Beyond the stall, however,
it is better that the yawing action be positive rather
than negative.

The stick force should be as light as possible con-
sistent with the feel of a definite neutral point and a
progressive increase of force as the stick is displaced
from neutral.

Standard ailerons.—The standard ailerons are con-
sidered by the pilots to berepresentative of conventional
Iateral control systems. The pilots reported that the
ailerons were light in operation and gave immediate
response and good rolling action up to the stall. At
angles of attack above the stall, however, the ailerons
were found to be unsatisfactory. When the ailerons
were applied in this range, the airplane might or might
not roll in the desired direction and the ailerons would
not reverse a stalled turn after it was once started.
The yawing action was negative and fairly large.
Bolow the stall the adverse yaw, although apparent,
caused no great annoyance, at least to experienced
pilots. Above the stall, however, it probably accounted
for the lack of ability to reverse stalled turns.

The pilots’ observations concerning the lag and
yawing action were substantiated by the instrument
measurements. A confrol movement caused immedi-
ate response in roll (fig. 6). The recorded yawing
action about the body axis was negative; therefore, it
must have been negative about the wind axis.

The rolling-moment coefficient for these ailerons was
found to be practically constant over the speed range
tested and had an average value of approximately
0.032. As a result the rolling criterion (fig. 11) fell
off rapidly with increasing lift coefficient from a value
of 0.062 at a lift coeflicient of 0.30 to 0.02 at the stall.
The maximum rate of roll (fig. 7) obtained with the
nilerons varied almost linearly with speed from 0.55
radian per second at 135 feet per second to 0.28 radian
per second at 75 feet per second.

Controllable auxiliary airfoils.—The tests in the full-
scale tunnel indicated that the controllable auxiliary
airfoils would probably have lag and that the stick
forces required to operate them would be excessive.
In flight the pilot found it nearly impossible to move the
control stick from neutral even at low speeds because of
the high stick forces. No check could therefore be
made on the lag. As the tests with other control
systems have shown that the conclusions drawn from
the full-scale tunnel tests regarding lag were reliable,
no attempt was made to improve the stick forces by
relocating the hinge axis. This control system was
discarded after the preliminary flights.

External ailerons.—The tests in the full-scale wind
tunnel had indicated that with the down-only move-
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ment the external ailerons would have lag. Flight
tests were carried only to the point where the lag was
found to be present.

" The only instrument tests made with the external
ailerons with up-only movement were those to show
the general character of the response to control dis-
placement and to prove that the system had no lag.
The rolling action was observed by the pilots to be
weak at all speeds and practically constant throughout
the flight range. In this respect the action differed
from that for normal ailerons for which the rolling
action increases with air speed. Neither was the rolling
action proportional to the stick deflection. The con-
trols gave only a very slight response until approxi-
mately half of the full deflection was attained. The
yawing action was slightly positive and the control
system did give a fair amount of control beyond the
stall. The principal objection to the control system
was the stick force required, which was very heavy and
not proportional to the deflection. The force was high
for the initial movement of the stick and increased
with deflection through the first half of the range.
With further deflection the stick force decreased
noticeably over o portion of the range but increased
again as full deflection was approached.

Modifications consisting of shifting the hinge axis
of these ailerons first to their 22% percent chord point
and then to their 25 percent chord point were tried in
an attempt to improve the stick force. These changes
did not affect the rolling and yawing action sufficiently
to be noticed by the pilots. The stick force, however,
was reduced but the manner in which the force varied
with deflection was not changed. At the rearmost
position of the hinge axis, the average stick force was
still quite heavy, but at the point where the stick force
was lowest, just beyond the one-half deflection point,
the force became approximately zero. Further rear-
ward positions of the axis were not tried because of the
probability of overbalancs at this deflection. As the
lateral control with the external ailerons was not satis-
factory with flaps up, no tests were made with the
flaps down.

Upper-surface ailerons.—With the upper-surface
ailerons the control characteristics with the exception
of the hinge moment were much the same as with the
normal ailerons. The rolling action was satisfactory
with flaps either up or down, up to but not beyond the
stall. The yawing action was slightly adverse with
flaps up and definitely adverse with flaps down. It
seems peculiar that changing the form of & wing tip
by raising the aileron should reduce the drag on that
gide of the wing but this finding is in agreement with
the results of the wind-tunnel tests on the upper-
surface aileron. Evidently the induced drag is reduced
by a greater amount than the profile drag is increased.
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The stick forces were excessive with the upper-
surface ailerons. It was impossible fully to deflect the
controls at any but low speeds. In an attempt to
improve the control action so as to obtain a better
indication of the control effectiveness from the pilots’
standpoint, & mechanical balance was applied to the
control system. The balance, which was unsuitable
for permanent use, consisted of springs that applied an
increasingly greater moment against the aerodynamic
moment as the control was deflected from the neutral
position. On the ground with the weight of the up
aileron acting against the balance, a 10-pound pull on
the control column was required to return the aileron
to neutral from the fully deflected position. Some
indication of the magnitude of the aerodynamic forces
acting on the control system in the normal-flight range
can be obtained from the fact that at an air speed of
25 miles per hour during the taxi run the air forces
were sufficient to return the up aileron to neutral
against the spring system. With the exception of stick
forces, the control was apparently satisfactory and, as
the result of a study made to reduce the stick forces,
the retractable ailerons were developed.

Retractable ailerons.—The retractable ailerons, as
expected, had about the same characteristics as the
upper-surface ailerons with the exception of the re-
quired stick force. The pilots considered the rolling
action slightly improved and noted that with flaps up
the yawing action was approximately zero. With
flaps down, however, the yawing action was negative,
although less than for the upper-surface ailerons. The
required control-stick force was the same in the air as
on the ground, the only appreciable hinge moment
being that resulting from the weight of the control
surfaces. The stick forces for this control system were
considered by the pilots to represent the opposite
extreme from those for the controllable auxiliary air-
foils. The stick was so light as to have no “feel”, par-
ticularly near neutral where the mechanical advantage
for the two control surfaces was approximately equal
and their weight moments tended to balance. No lag
in the rolling action was noticed by the pilots. Except
for the stick-force characteristics the pilots considered
the retractable ailerons to be better than the standard
ailerons. .

The instrument records (see fig. 6) showed the re-
tractable ailerons to have a lag of about 0.10 second.
Apparently this amount of lag is not noticeable to the
pilots. The maximum accelerations obtained with the
retractable ailerons with flaps up were slightly less
than with the standard ailerons at comparable speeds.
The maximum angular velocities, however, were much
higher, in the order of one and one-half times as great.
These apparently contradictory results are explained
by a greater moment of inertia for the wing in which
the retractable ailerons were installed, the effect of the
greater moment of inertia being to decrease the angular

REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

acceleration for a given rolling moment without chang-
ing the maximum angular velocity. The rolling-
moment coefficients and rolling criterions were actually
greater with the retractable ailerons by amounts
corresponding to the greater maximum angular
velocities.

Both the rolling velocity and acceleration were in-
creased at a given air speed by lowering the flaps.
A fairly high value of the rolling-moment coefficient
(0.060) was maintained up to the stall of the airplane
with the flaps down, although the maximum acceler-
ation at the stall was less with the flaps down than up,
because of the lower speeds with the flaps down. The
rolling criterion, which is dependent on the rolling-
moment coefficient, was greater with the flaps down
at the same values of the lift coefficient.

The records of yawing action indicated that with the
flaps up the retractable ailerons had a positive yawing
moment and with flaps down, zero yawing moment.
The records may, at first, appear to be in disagreement
with the pilots’ reports that the yawing action was
zero with flaps up and negative with flaps down but
this seeming disagreement can be readily explained
from the fact that the instruments recorded the yawing
action about the body Z axes; whereas the pilots
observe the action about an axis more nearly in line
with the wind Z axis (reference 2). Evidently in the
present case the resultant rotation with the flaps up
took place about the wind X axis and consequently
had no component about the wind Z axes although a
positive one about the body Z axes. With the flaps
down the resultant rotation was about the body X
axis and had a negative component about the wind Z
axes, which the pilots observed.

Narrow-chord ailerons.—According to wind-tunnel
tests, the narrow-chord ailerons should have given
approximately the same control characteristics as the
standard ailerons, the smaller chord being compensated
for by the greater deflections. The pilots’ observations
indicated that such was the case. As with other
trailing-edge controls, the narrow-chord ailerons were
unsatisfactory above the stall. These ailerons, as
expected, gave adverse yaw both with flaps up and
down. The stick forces were the most satisfactory
of all the control systems tested. They were lighter
than the normal ailerons but sufficiently heavier than
the retractable ailerons to give the desired feel to the
stick.

The instrument records indicated that the rolling
action was a little better than that for the standard
wing. The maximum rolling velocity was slightly
greater but was less than with the retractable ailerons.
The rolling-moment coefficients and the rolling crite-
rions also were somewhat greater than for the standard
ailerons, although less than for the retractable. The
records indicated that the adverse yaw was smaller
with the flaps down than up. The yawing action with
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the flaps down was, in fact, comparable with that for
the retractable ailerons with flaps down.

DISCUSSION

Although with the present instellation it was impos-
gsible to determine the rolling and yawing action of
controllable auxiliary airfoils because of the high
stick forces required to move the airfoils, the auxiliary
airfoils appear to offer very little promise for develop-
ment into a satisfactory combination high-lift and
lateral control device. The hinge moments might have
been reduced and a satisfactory value obtained by
relocating the airfoil hinge axis as was done with the
oxternal ailerons, but this procedure did not seem desir-
able in view of the lag exhibited by the control sys-
tem. The occurrence of the lag is & serious matter and
in this case is probably greater than that obtained with
o plain spoiler control because the airfoils are rotated
in a direction to increase the lift on themselves while
spoiling the flow over the main wing. The possibility
of rotating the airfoils in the opposite direction has
been considered, but the tests of reference 1, part X,
show that adequate control is not likely to be obtained
throughout the complete flying range if the airfoils
are rotated trailing edge up.

The external ailerons with down-only movement
similar to the controllable auxiliary airfoils are likely
not to be susceptible to further development because
of lag. With up-only movement, however, they have
chance of development, particularly in view of the
fact that they gave a fair degres of control beyond the
stalling angle. There is also the likelihood, as shown
by reference 1, part XIII, that they increase the lateral
stability of the airplane at the higher angles of attack,
although this increase was not noted during the flight
tests, Several lines of development might be followed.
It might be possible to find an airfoil section whose
center-of-pressure characteristics are more adaptable
to use as external ailerons than the N. A. C. A. 0012
section now employed, and by this means a linear varia-
tion of hinge moment with deflection might be ob-
tained. The problem of obtaining moments of reason-
able magnitude would then simply be one of correctly
locating the hinge axis. The external ailerons in the
present installation are set when in neutral at the angle
found to give the greatest lift. Consequently a move-
ment of an aileron in either direction decreases the
lift on that wing and it is therefore necessary that only
one aileron be operated at a time. Were the neutral
angle chosen to give less than the maximum lift possi-
ble, the ailerons could be operated through a normal
differential linkage and the hinge moments would
probably be improved. )

The problem of obtaining satisfactory stick forces
for lateral control systems in which the control surface
on only one wing is moved at a time, such as the con-
trollable auxiliary airfoils, the external ailerons, and
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the upper-surface ailerons, is always likely to be more
difficult than for conventional ailerons. In the case of
conventional ailerons, the surfaces on the opposite
wings are interconnected and hinge moments of the
same sign and magnitude balance. Consequently, at
the neutral position the sign and magnitude of the
hinge moments of the individual ailerons are of no
significance, except possibly where the span loading is
unsymmetrical as during a sideslip. It is only required
that the change of moment when the ailerons are
deflected be of small magnitude and that the sign of
the change be such as to return the control stick to
neutral. Where only one control surface is moved at a
time, however, the surfaces cannot be interconnected
and the sign and magnitude of the hinge moments of
the individual surfaces become of considerable im-
portance as the entire moment of one surface is trans-
mitted to the stick as soon as the stick is moved from
neutral. Another important point in regard to control
devices of this type is that when the control column is
carried through neutral in. a continuous motion, as
when reversing a bank, the inertia loads set up by
stopping one surface and setting the other in motion
are transmitted through the stick and are a source of
considerable annoyance to the pilot.

Of the lateral control devices originally tested the
upper-surface ailerons appeared to offer the greatest
promise of being developed into & satisfactory control
system, as they had about the same characteristics as
conventional ailerons with the exception of the required
stick force. The retractable ailerons were developed
from the upper-surface ailerons through an attempt to
obtain the same rolling and yawing action with de-
creased stick forces. In effect, the upper-surface
ailerons are flap-type spoilers located at the trailing
edge of the wing instead of ahead of the maximum
ordinate as is usual with spoilers. Experience has
indicated that flap-type spoilers are interchangeable
with retractable spoilers as far as the rolling and yaw-
ing actions are involved, and that retractable spoilers
have very low hinge moments (reference 2). The re-
tractable ailerons are, in effect, retractable spoilers and
were therefore substituted for the upper-surface
ailerons. In the actual installation it was necessary
to install the retractable ailerons slightly ahead of the
upper-surface ailerons to obtain sufficient internal
space into which to retract the ailerons. As a result
the retractable ailerons had one-tenth second lag;
whereas the upper-surface ailerons had none. The
fact that the pilots did not notice this lag indicates
that it is not absolutely necessary that the lag be zero,
as was previously thought. On the other hand, the
lag should not be much over one-tenth second as the
tests of reference 2 have already shown that a lag of
only one-quartersecondis very objectionable. Mechan-~
ically, the difficulty of having the inertia loads of the
surfaces reacting through the stick when the control
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stick is carried through neutral was alleviated by using
a differential movement with the retractable ailerons,
one aileron retracting into the wing as the other moves
out from the wing surface.

As previously mentioned, the only characteristics of
the retractable aileroms to which the pilots reacted
unfavorably were the very light stick forces and the
lack of control feel. The principal aerodynamic
forces on the ailerons are normal to their surfaces and
consequently the resultant force passes through the
center of curvature. As the hinge axis was made
coincident with the center of curvature in the present
installation to keep the size of the slot required in the
wing surface to a minimum, the ailerons produced
practically no aserodynamic moment. Only the mo-
ment resulting from the weight of the surfaces could
be felt when moving the control stick. Consequently,
the control feel was independent of air speed and, in
fact, was the same in flight as on the ground. Two
means of introducing aerodynamic hinge moments
that will vary with deflection and thus improve the
serodynamic feel of the device have been suggested.
One is to offset the hinge axis from the center of curva-
ture so that the resultant force will pass above the
hinge. The other is to utilize a wind vane either at-
tached or auxiliary to the control surface. Both these
methods require development. The use of a hinge axis
not coincident with the center of curvature of the plate
necessitates a wider slot in the wing. The minimum
offset of the hinge axis should be determined so that
the narrowest slot can be used. The shape, size, and
disposition of the wind vane should also be investi-
gated.

Quite aside from their control action, the retractable
ailerons have several disadvantages. The external
hinge must add an appreciable amount to the wing
drag. The slotin the wing surface may also contribute
to the drag, although the slot is possibly so far aft on
the wing surface as to be in a region of turbulent flow
and not appreciably affect the drag. The possibility
of eliminating the external hinges by operating the
ailerons on a track, as is conventional with leading-edge
slots, was considered. With the ailerons of the chord
used in the present installation this arrangement would
be difficult, space not being available for the necessary
guides. It may be possible, however, in other installa-
tions with ailerons of greater span and less chord to
use some such operating system. The structural
problems arising from the slotted wing surface are not
serious. It is necessary to weatherproof the compart-
ments into which the ailerons retract. The trailing
edge of the wing in the present installation is supported
on a false spar mounted between the flap-hinge
brackets. The retractable ailerons have the advan-
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tage of being adaptable for use with any type of full-
span flap.

The narrow-chord ailerons proved to be the most
satisfactory lateral control tested for use with full-span
flaps and require no further development. The flap
for use with them, however, must be adapted to the
purpose. It should be appreciated that the narrow-
ness of the chord has to be compensated for by greater
deflections. In general, the maximum rolling moment
that can be obtained with the aileron set at any
angle decreases with the aileron chord. Thus the
adaptability of the lateral control system is limited by
the amount of aileron control required, the size of the
aileron being limited to the area aft of the flap.

A check of the flight data on rolling-moment coeffi-
cients for the different control devices against data on
corresponding control arrangements given in reference
1 indicates that correcting the flight data to zero rate
of roll does not eliminate all the differences between
the flight and wind-tunnel test conditions and that the
data from the two types of tests are not comparable,
The flight tests give lower rolling-moment coefficients
than do the tunnel tests. The rolling criterion is, of
course, affected in the same manner as the rolling-
moment coefficient. Consequently, although the desir-
able value of the rolling criterion, 0.075, used in refer-
ence 1 may be satisfactory for wind-tunnel work, it
probably should be revised downward when flight data
are considered. The control with the three devices
tested was considered satisfactory within the range of
the instrument tests although, with the standard
ailerons, the rolling criterion had a value as low as
0.020 at slow speed.

From the experience gained with flaps during the
tests, some points concerning their operation have
been noted. Extended, both flaps were aerodynami-
cally the same, the principal difference between them
being in the mechanism to retract them and the man-
ner in which they were retracted. No tests were made
in flight to obtain the aerodynamie characteristics of
the flaps, the plain split flap having already been
tested on the airplane in the full-scale tunmel. (See
reference 5.) Neither flap installation was entirely
satisfactory in flight because of the high operating
forces required and the resulting length of time re-
quired to extend or retract them. A condition of
apparent general instability at low speeds was also
noted with the flaps down for which no satisfactory
explanation can be given at this time,

Experience with these flaps having indicated the ne-
cessity for the development of a quickly operated flap,
such a development has been started. A balanced split
flap with low hinge moments is now undergoing flight
tests in combination with the retractable ailerons.
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CONCLUSIONS

1. The controllable auxiliary airfoils were unsatis-
factory as a means of obtaining lateral control and,
because of their lag characteristics, offer little promise
of development. .

2. The external ailerons with down-only movement
were also unsatisfactory because of their lag. With
up-only movement they were the only device tested
that gave any control above the stall. In the normal-
flight range, however, they are in need of further
development because of the relatively poor effective-
ness and the irregular variation of hinge moments. It
is desirable that this development be attempted be-
cause external ailerons give control beyond the stall,
and the results may possibly show a method of im-
proving the lateral stability in this flight range.

3. The upper-surface aileron had rolling and yawing
characteristics similar to those of conventional ailerons
but required an excessively large operating force.

4. The retractable aileron and the narrow-chord
aileron are both satisfactory for use with full-span
flaps. The retractable aileron has greater adaptability
than the narrow-chord aileron but necessitates a more
complicated instellation. Neither device gives control
above the stall.

6. The tests have shown the desirability for de-
veloping a flap that can be operated easily and quickly.

LANGLEY MEMORIAL AERONAUTICAL LLABORATORY,
NATIONAL ADVISORY COMMITTEE FOR AERONATUTICS,
LanerLeYy FrieLp, Va., November 7, 1934.

REFERENCES

1. Wind-Tunnel Research Comparing Lateral Control Devices,
Particularly at High Angles-of Attack.
I. Ordinary Ailerons on Rectangular Wings, by
Fred E. Weick and Carl J. Wenzinger. T. R.
No. 419, N. A. C. A., 1932.
TI. Slotted Ailerons and Frise Ailerons, by Fred E.
Weick and Richard W. Noyes. T. R. No. 422,
N. A. C. A,,1932.

219

III. Ordinary Ailerons Rigged up 10° When Neutral,
by Fred E. Weick and Carl J. Wenzinger.
T. R. No. 423, N. A. C. A, 1932.

IV. Floating Tip Ailerons on Rectangular Wings, by
Fred E. Weick and Thomas A. Harris. T. R.
No. 424, N. A. C. A., 1932.

V. Spoilers and Ailerons on Rectangular Wings, by

Fred E. Weick and Joseph A. Shortal. T. R.
No. 439, N. A. C. A., 1932.

VI. Skewed Ailerons on Rectangular Wings, by Fred
E. Weick and Thomas A. Harris. T. R. No.
444, N. A. C. A, 1932.

VII. Handley Page Tip and Full-Span Slots with
Ailerons and Spoilers, by Fred E. Weick and
CarlJ. Wenzinger. T.N.No.443,N.A.C.A,,
1933.

Straight and Skewed Ailerons on Wings with
Rounded Tips, by Fred E. Weick and Joseph
A. Bhortal. T.N. No. 445, N. A. C. A., 1933.

IX. Tapered Wings with Ordinary Ailerons, by Fred

E. Weick and Carl J. Wenzinger. T. N. No.
449, N. A. C. A., 1033.

X. Various Control Devices on a Wing with a Fixed
Auxiliary Airfoil, by Fred E. Weick and Rich-
ard W. Noyes. T. N. No. 451, N. A. C. A,
1933.

XI. Various Floating Tip Ailerons on Both Rectangu-
lar and Tapecred Wings, by Fred E. Weick and
Thomas A. Harris. T.N.No.458, N.A.C. A,,
1933.

Upper-Surface Ailerons on Wings With Split
Flaps, by Fred E. Weick and Carl J. Wenzinger,
T. R. No. 499, N. A. C. A,, 1934.

XIII. Auxiliary Airfoils Used as External Ailerons, by
Fred E. Weick and Richard W. Noyes. T. R.
No. 5§10, N. A. C. A, 1934.

2. Weick, Fred E., Soulé, Hartley A., and Gough, Melvin N.:
A Flight Investigation of the Lateral Control Characteris-
ties of Short Wide Ailerons and Various Spoilers With
Different Amounts of Wing Dihedral. T. R. No. 494,
N. A. C. A, 1934.

3. Wenzinger, Carl J.: The Effect of Partial-Span Split Flaps
on the Aerodynamic Characteristics of a Clark Y Wing.
T. N. No. 472, N. A. C. A, 1933.

4. Weick, Fred E., and Bamber, Millard J.: Wind-Tunnel
Tests of a Clark Y Wing With & Narrow Auxiliary Airfoil
in Different Positions. T. R. No. 428, N. A. C. A., 1932.

5. Wallace, Rudolf N.: The Effect of Split Trailing-Edge Wing
Flaps on the Aerodynamic Characteristics of a Parasol
Monoplane. T. N. No. 475, N. A. C. A., 1933.

VIII.

XTI.



